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Radar differential interferometry based on permanent scatterers
and its application to detecting regional ground subsidence
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Abstract  Synthetic aperture radar differential interferometry ( DInSAR) based on permanent scatterers ( PS)
may overcome or mitigate two main disadvantages, i. e. , radar signal decorrelat ion and atmospheric delay
influence, which often take place in the conventional DInSAR. This paper analyzes all the processing
procedures involved in PS-based DInSAR. Considering that deformation is of temporal correlation and
topographic phase is proportional to normal baseline, the method of generat ing PS network is proposed. A
parametric adjustment method is adopted to estimate total optimum solutions of subsidence rates and elevation
corrections in the PS network. With the proposed algorithm, the experiment is performed to extract subsidence
information over Shanghai using ERS-12 C-band SAR images taken during the latest 10 years. Deformation,
elevation correct ion and atmospheric phase on PS points are effectively separated and the subsidence rate field
with high resolution is presented. The results obtained from PS network are in a good agreement with leveling
measurements.
Keywords  Permanent scatterers network, DInSAR, Subsidence detection, Decorrelation, Atmospheric
influence
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K Kk= 1 c ( Bk, m , 1200)  c ( T k, m , 5)  c ( f k, mDC , 1380) , c ( x , a ) = 1 - | x |a , x < a,
0, x  a,
( 1)
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?????????????????, ????
???????????????, ??????
?????( Digital Elevation Model, DEM)????
??(?? DEM ????????)????, ?
???????????? id int , ????? 4?
??:
id int = 4 B
i Rm  sinH +
4cos h
+ iAtm + ni , ( 2)
?? ?????, Rm ???????????,
???????, B i???????, H ?
DEM????, h ?????????, iAtm??
???, ni ???.
?K 1= 4( Rmsin) , K 2 = 4cos, ??
??????????????? v , ?( 2)??
??
id int = K 1  B i  H + K 2  T i  v + res, ( 3)
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?????????????????. ????
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? 263 m, ?????????????????
? 50??[ 10] . ???????????????
????, ??????????????????
?????, ????????????????
???????????? [ 11, 12] .
32  ????
???????( European Space Agency, ESA)
ERS- 12??? C ??(??? 56 cm)????
? 1992?? 2002??????????????
26? SAR??????. ??????????
??( Single Look Complex, SLC) , ????????
?????????? 23??????????.
SAR???????????????? 79 m?
40 m, ????????100 km 100 km, ???
????12128E, ????? 3110N.
???????????, ?? ERS- 2??
? 1996? 6? 4????????????, ??
25???????, ???? 25 ????. ? 1
??????????????????????
????????????? Bn ?????T .
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? 1 ???? ERS- 12?? C?? SAR?????????
Table 1 ERS- 12 C- band SAR images over Shanghai and baseline parameters
?? ??- ?? ???? B  ( m) T (?) ?? ??- ?? ???? B  (m) T (?)
1 E1- 04657 1992- 06- 06 - 1249 - 1459 14 E2- 14887 1998- 02- 24 18 630
2 E1- 06160 1992- 09- 19 - 1139 - 1354 15 E2- 15388 1998- 03- 31 - 572 665
3 E1- 09166 1993- 04- 17 - 1189 - 1144 16 E2- 15889 1998- 05- 05 - 1086 700
4 E1- 10669 1993- 07- 31 - 1088 - 1039 17 E2- 20899 1999- 04- 20 - 1207 1050
5 E1- 12172 1993- 11- 13 - 568 - 934 18 E2- 23905 1999- 11- 16 - 736 1260
6 E1- 19530 1995- 04- 10 - 640 - 421 19 E2- 24406 1999- 12- 21 - 692 1295
7 E1- 22035 1995- 10- 02 - 1131 - 307 20 E2- 26410 2000- 05- 09 - 1444 1435
8 E1- 24039 1996- 02- 19 - 1445 - 106 21 E2- 26911 2000- 06- 13 - 620 1470
9 E1- 24540 1996- 03- 25 156 - 71 22 E2- 28414 2000- 09- 26 - 1206 1575
10 E2- 04867 1996- 03- 26 255 - 70 23 E2- 34426 2001- 11- 20 - 958 1995
11 E1- 25542 1996- 06- 03 - 84 - 1 24 E2- 37432 2002- 06- 18 - 1840 2205
12 E2- 05869 1996- 06- 04 0 0 25 E2- 37933 2002- 07- 23 - 1042 2240
13 E2- 13384 1997- 11- 11 - 328 525 26 E2- 38434 2002- 08- 27 - 66 2275
????????? 6?, ?????????
1800 m.
  ????? ERS- 12??????????
?Delft????????( DEOS)??, ????
???5~ 6 cm, ?????? 20 cm, ?????
??????????[ 13, 14] .
????? DEM ????????( SBSM)?
?, ??????? 25 m. ????? PS???
?????????????? 8 km  8 km ??
???????, ??????????????.
???????, ??????? 15 m, ????




?????, ?? 25??????. ? 1????
???????, ????? 630 ?(?????
???1998? 2? 24?) , ??????? 18 m.
?1????????????????????
?28 cm?????.
???????? PS ??, ???????
????????????????? [15] , ???
?????????? 035????, ????
?743????PS ??(?2??????) . ??
??????????????????????
?(?2??) . ??PS ??, ?????????
PS?????????????????, ??
????? PS ??, ????????? 100 GB
???? 50MB.
???PS???????? 1 km? PS??,
??????????, ????? 25696 ??,
???????? PS ???????????,
????????????? PS ???????
???????, ??????PS???(? 2) .
??????????? PS ???????
????, ?? PS ?????????????
???????, ???? PS????????,
?????????, ??? PS???????
?. ???( 9)??( 10) , ? PS????????
?????????????.
???PS?????????????, ?
? Kriging ????, ???????????, ?
???? PS????????????. ? 3?
????????? 1992? 2002???????
???. ? 4??????????????, ?
????? 06 rad, ????  03 rad.
34  ???????
????????????????????
?(? 3) , ???????????????, ?
????????? 20 mma, ????????
????? 15 mma, ????????????
?, ???????, ?? 8 mma, ??????
?????????? 12 mma. ?????? 10
???????????[ 11, 12] , ????????
?????. ????????????????





741 3 ? ?  ??: ??????????????????????
    
? 1 ??????? ( 1996- 06- 04~ 1998- 02- 24)
Fig. 1 Differential interferogram (1996- 06- 04~ 1998- 02- 24)
? 3 ???????
Fig. 3  Linear subsidence rate field
?2  PS ???
Fig . 2 PS monitoring network
? 4 ?????????
Fig. 4 APS of the master acquisition
?????. ??, ????????? 15 mm
?????, ???????????? 1 mm ?
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??, ???????????????????
??????, ???????  4 mm, ???PS
????????????????????.
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